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(57) ABSTRACT 
A medical device is provided having a means for actuating 
a pair of opposing jaW members. The jaW members are 
movable relative to one another from a ?rst position, 
Wherein the jaW members are disposed in a spaced apart 
relation relative to one another, to a second position, Wherein 
the jaW members cooperate to grasp tissue therebetWeen. An 
ablation tool is connected to at least one of the jaWs 
members, such that the jaW members are capable of con 
ducting ablation energy through the tissue grasped therebe 
tWeen. 
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MINIMALLY INVASIVE SURGICAL CLAMP 
HAVING TREATMENT ELEMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a Continuation-in-Part and 
claims priority to pending patent application Ser. No. 
10/458,745, ?led Jun. 10, 2003 entitled SURGICAL 
CLAMP HAVING TREATMENT ELEMENTS, the entirety 
of Which is incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] n/a 

FIELD OF THE INVENTION 

[0003] The present invention relates to a method and 
system for ablating tissue, and more particularly to a medical 
device having a pair of opposing jaWs used for tissue 
ablation. 

BACKGROUND OF THE INVENTION 

[0004] It is Well documented that atrial ?brillation (AF), 
either alone or as a consequence of other cardiac disease, 
continues to persist as the most common type of cardiac 
arrhythmia. In the United States, AF currently affects an 
estimated tWo million people, With approximately 160,000 
neW cases being diagnosed each year. The cost of treatment 
for AF alone is estimated to be in excess of $400 million 
WorldWide each year. 

[0005] Although pharmacological treatment is available 
for AF, the treatment is far from perfect. For example, 
certain antiarrhythmic drugs, like quinidine and procaina 
mide, can reduce both the incidence and the duration of AF 
episodes. Yet, these drugs often fail to maintain sinus rhythm 
in the patient. Cardioactive drugs, like digitalis, Beta block 
ers, and calcium channel blockers, can also be given to 
control AF by restoring the heart’s natural rhythm and 
limiting the natural clotting mechanism of the blood. HoW 
ever, antiarrhythmic drug therapy often becomes less effec 
tive over time. In addition, antiarrhythmic drug can have 
severe side effects, including pulmonary ?brosis and 
impaired liver function. 

[0006] Another therapy for AF is surgery. In a technique 
knoWn as the “Maze” procedure, a surgeon makes several 
incisions through the Wall of the atrium With a scalpel and 
then seWs the cuts back together, creating a scar pattern. The 
scars isolate and contain the chaotic electrical impulses to 
control and channel the electrical signals. The MaZe proce 
dure is expensive, complicated to perform, and associated 
With long hospital stays and high morbidity. 

[0007] An alternative to open heart or open chest surgery 
is a minimally invasive treatment in Which ablation devices 
are used to form scars in various locations in the atrial tissue. 
Ablation devices that apply heat or cold to body tissue are 
knoWn. Typically, these devices have an elongate, highly 
?exible shaft With a steerable distal end for negotiating a 
path through the body of a patient. Rigid shaft devices are 
used in more invasive procedures Where a more local 
opening or direct access to a treatment site is available or 
created. 
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[0008] It is important to note that these devices are used in 
an attempt to ablate tissue through the full thickness of the 
cardiac Wall, and thus create a risk associated With damaging 
structures Within or on the outer surface of the cardiac Wall. 
Accordingly ablation devices have been developed Which 
include opposing jaW members to ablate tissue from both 
sides of the cardiac Wall. For example, US. Pat. No. 
6,161,543 to Cox; US. Pat. No. 5,733,280 to Avitall; and 
US. Pat. No. 6,517,536 to Hooven describe techniques for 
ablating tissue of organs or vessels having opposing Walls 
and disclose ablation devices having clamping members to 
clamp a treatment site therebetWeen. Such devices include 
rigid members/shafts to facilitate reaching the tissue treat 
ment site. 

[0009] While rigid shafts may be useful in some applica 
tions, they have certain limitations as Well. For example, 
Without a preset shape for reaching a particular location in 
the body of a patient, the rigid nature of the shaft limits the 
area of tissue that can be reached and treated. Even Where a 
relatively large incision is provided, tissue areas that are not 
at least someWhat directly accessible cannot be reached. 

[0010] Although a rigid shaft can be provided With a 
predetermined shape, one must select a device With a rigid 
shaft that has the most appropriate shape for positioning the 
Working portion of the device in contact With the treatment 
site in vieW of the particular anatomical pathWay to be 
folloWed in the patient. It Will be appreciated that a large 
inventory of devices having rigid shafts may be required to 
accommodate the various treatment sites and patient anato 
mies. As an example, US. Pat. No. 6,161,543 to Cox el al. 
describes a variety of rigid probe shapes. Further, for a 
patient having a relatively uncommon anatomic con?gura 
tion and/or a dif?cult to reach treatment site, all rigid devices 
of an existing set may have less than optimal shapes for 
positioning. This may impair the prospects of successfully 
carrying out the treatment procedure. For an ablation device 
Which must bear against tissue at the remote region to create 
lesions, the contour folloWed by the device in reaching the 
target site Will in general further restrict the direction and 
magnitude of the movement and forces Which may be 
applied or exerted on the Working portion of the device to 
effect tissue contact and treatment. 

SUMMARY OF THE INVENTION 

[0011] The present invention advantageously provides a 
surgical clamp having a pair of opposing jaW members that 
are movable relative to one another from a ?rst position 
Where the jaW members are proximate each other thereby 
creating a minimally invasive insertion pro?le, to a second 
position Where the jaW members cooperate to grasp tissue 
therebetWeen. A de?ection mechanism remotely actuated 
from the handle assembly is coupled to a linkage assembly. 
The linkage assembly is operatively coupled to the jaWs 
such that activation of the de?ection mechanism serves to 
de?ect the jaWs in a substantially parallel motion With 
respect to each other. A remote unit controls the de?ection 
mechanism. 

[0012] In an exemplary embodiment, a medical device for 
ablating tissue is provided, having a pair of opposing jaWs 
positionable from a ?rst position to a second position, at 
least one of the opposing jaWs including an ablation element, 
and a shaft assembly operable connected to the opposing 
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jaws. The shaft assembly has a malleability such that the 
shaft assembly retains a ?rst shape until manipulated to a 
second shape. 

[0013] In another embodiment, a medical device for ablat 
ing tissue is provided, including a ?rstjaW and a secondjaW, 
Where the ?rst jaW includes a ?rst jaW ablation tool having 
at least one ?rst jaW ablation segment. A shaft assembly is 
also provided. The shaft assembly is operably connected to 
the ?rst jaW and the second jaW, and is malleable such that 
the shaft assembly retains a ?rst shape until manipulated to 
a second shape. The medical device also includes a handle 
assembly that is attached to the shaft assembly opposite the 
?rst jaW and the second jaW. The handle assembly is 
operably connected to the ?rst jaW and the second jaW to 
move the ?rst jaW and the second jaW from a ?rst position 
to a second position. 

[0014] In yet another exemplary embodiment, a medical 
device for ablating tissue is provided having a ?rst jaW and 
a second jaW, the ?rst jaW including a ?rst jaW ablation tool 
con?gured to circulate cryogenic ?uid therethrough and 
having at least one ?rst jaW ablation segment. Also included 
is a shaft assembly operably connected to the ?rst jaW and 
the second jaW. The shaft assembly has malleability such 
that the shaft assembly retains a ?rst shape until manipulated 
to a second shape. The medical device further includes a 
handle assembly attached to the shaft assembly opposite the 
?rst jaW and the second jaW, Where the handle assembly is 
operably connected to the ?rst jaW and the second jaW to 
move the ?rst jaW and the second jaW from a ?rst position 
to a second position. An ablation control system is operably 
connected to the ?rst ablation tool. 

[0015] In another exemplary embodiment, a medical 
device is provided having an elongated shaft, a cooling 
element, and a second element movable With respect to the 
cooling element to de?ne a clamp, Wherein the movable 
element is selectively detachable from the shaft. This 
detachable feature Would alloW for ablating in tWo methods: 
?rstly in a clamp made to ablate tissue With tWo opposing 
Walls, and secondly in a “Wand” mode that Would alloW 
ablating from one surface only. 

[0016] In an exemplary method, a method of ablating 
tissue includes the steps of: providing an ablating device 
having a pair of opposing jaWs positionable from a ?rst 
position to a second position, Where at least one of said 
opposing jaWs includes an ablation tool and a shaft assembly 
operable connected to the opposing jaWs, the shaft assembly 
having a malleability such that the shaft assembly retains a 
?rst shape until manipulated to a second shape; manipulat 
ing the shaft assembly from the ?rst shape to the second 
shape; positioning the opposing jaWs in the ?rst position 
such that the opposing jaWs are in a spaced apart relation; 
placing the opposing jaWs about the tissue to be treated; 
positioning the opposing jaWs in the second position such 
that the opposing jaWs grasp the tissue to be treated; and 
ablating the tissue to be treated. 

[0017] In another exemplary method, a method for evalu 
ating transmurality of a lesion is provided and includes the 
steps of positioning a ?rst and a second jaW of an ablating 
device about tissue to be treated; applying a cooling element 
to at least the ?rst jaW of the ablating element; and measur 
ing temperature from a temperature sensor associated With 
the second jaW of the ablating device. 
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[0018] In still another exemplary embodiment, a medical 
device for ablating tissue is provided, having a ?rst jaW and 
a second jaW, Wherein at least one of the ?rst jaW and the 
second jaW includes an ablation element. The device further 
includes a shaft assembly operably coupled to the ?rst jaW 
and the second jaW, the shaft assembly having a malleability 
such that the shaft assembly retains a ?rst shape until 
manipulated to a second shape, and a jaW actuation assembly 
operably coupled to the ?rst jaW and the second jaW to move 
the ?rst jaW and the second jaW selectively from a ?rst 
position proximate each other to a second open position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] A more complete understanding of the present 
invention, and the attendant advantages and features thereof, 
Will be more readily understood by reference to the folloW 
ing detailed description When considered in conjunction 
With the accompanying draWings Wherein: 

[0020] FIG. 1 is a plan vieW of a surgical clamp in 
accordance With the present invention; 

[0021] FIG. 2 is a sectional vieW of an ablation segment 
of the surgical clamp of FIG. 1; 

[0022] FIG. 3 is a sectional vieW of an ablation segment 
including multiple injection tubes of the surgical clamp of 
FIG. 1; 

[0023] FIG. 4 is a sectional vieW of an ablation segment 
including ori?ces of the surgical clamp of FIG. 1; 

[0024] FIG. 5 is a plan vieW of an alternative embodiment 
of the surgical clamp of FIG. 1; 

[0025] FIG. 6 is a plan vieW of the surgical clamp of FIG. 
1 including curved jaWs; 

[0026] FIG. 7 is a sectional vieW of an ablation segment 
including insulation sleeve of the surgical clamp of FIG; 1 

[0027] FIG. 8 is a plan vieW of the surgical clamp of FIG. 
1 including elongated shafts; 

[0028] FIG. 9 is a sectional vieW of the elongated shaft 
and ablation segment of the surgical clamp of FIG. 8; 

[0029] FIG. 10 is a surgical system for operating the 
surgical clamp in accordance With the present invention; 

[0030] FIG. 11 a plan vieW of an alternative surgical 
clamp in accordance With the present invention; 

[0031] FIG. 12 is a sectional vieW of an elongated shaft 
and ablation segment of the surgical clamp of FIG. 11; 

[0032] FIGS. 13-17 illustrate additional con?gurations of 
a surgical clamp; 

[0033] FIG. 18 illustrates still another surgical clamp 
con?guration; 

[0034] FIGS. 19 and 20 illustrate additional details of the 
jaW elements shoWn in FIG. 18; 

[0035] FIGS. 21 and 22 shoW additional clamp con?gu 
rations; 

[0036] FIGS. 23A and 23B shoW a surgical clamp con 
?guration utiliZing a four-bar linkage mechanism to de?ect 
the jaWs of the clamp; 
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[0037] FIGS. 24A and 24B provide perspective vieWs of 
the jaws of the surgical clamp con?guration of FIGS. 23A 
and 23B; 

[0038] FIGS. 25A and 25B show a surgical clamp con 
?guration utiliZing a three-bar linkage mechanism to de?ect 
the jaWs of the clamp; 

[0039] FIGS. 26A and 26B shoW a surgical clamp con 
?guration utiliZing a tWo-bar linkage mechanism to de?ect 
the jaWs of the clamp; and 

[0040] FIGS. 27 and 28 shoW an alternate embodiment of 
the surgical clamp of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] The present invention provides a medical device 
having a handle assembly for actuating a pair of opposing 
jaW members. The jaW members are movable relative to one 
another from a ?rst position, Wherein the jaW members are 
disposed in a spaced apart relation relative to one another, to 
a second position, Wherein the jaW members cooperate to 
grasp tissue therebetWeen. An ablation tool is connected to 
at least one of the jaW members, such that the jaW members 
are capable of conducting ablation energy through the tissue 
grasped therebetWeen. 

[0042] Referring noW to the ?gures in Which like reference 
designators refer to like elements, there is shoWn in FIG. 1 
a plan vieW of an exemplary embodiment of the medical 
device constructed in accordance With the principles of the 
present invention and designated generally as surgical clamp 
10. The surgical clamp 10 includes a handle assembly 
having elongated handles 12 and 14 and may optionally 
include a lock mechanism 16, similar to a conventional 
surgical hemostat. The elongated handles 12, 14 are con 
nected to one another by pivot or hinge 18, and continue 
distally in the form of a ?rst elongated jaW 20 and a second 
elongated jaW 22. At least one of the elongated jaWs 20, 22 
includes an ablation tool. For example, the ?rst elongated 
jaW 20 includes an ablation tool 24 positioned on the inner 
surface 26 of the ?rst elongated jaW 20. 

[0043] Referring to FIGS. 2-3, the ablation tool 24 
includes an ablation segment 28 having a thermally-trans 
missive region 30, and de?ning a ?uid path having at least 
one ?uid inlet 32 and a ?uid outlet 34 through the ablation 
tool 24 to the ablation segment 28, Wherein the ?uid inlet 32 
is in ?uid communication With a cryogenic ?uid source. 
Also, even though many materials and structures can be 
thermally conductive or thermally transmissive if chilled to 
a very loW temperature and/or cold soaked, as used herein, 
a “thermally-transmissive region” is intended to broadly 
encompass any structure or region of the ablation tool 24 
that readily conducts heat. 

[0044] For example, a metal structure exposed (directly or 
indirectly) to the cryogenic ?uid path is considered a ther 
mally-transmissive region 30 even if an adjacent polymeric 
or latex portion also permits heat transfer, but to a much 
lesser extent than the metal. Thus, the thermally-transmis 
sive region 30 can be vieWed as a relative term to compare 
the heat transfer characteristics of different catheter regions 
or structures, regardless of the material. 

[0045] Furthermore, While the thermally-transmissive 
region 30 can include a single, continuous, and uninter 

Dec. 16, 2004 

rupted surface or structure, it can also include multiple, 
discrete, thermally-transmissive structures that collectively 
de?ne a thermally-transmissive region that is elongate or 
linear. Depending on the ability of the cryogenic system, or 
portions thereof, to handle given thermal loads, the ablation 
of an elongate tissue path can be performed in a single or 
multiple cycle process Without having to relocate the cath 
eter one or more times or drag it across tissue. 

[0046] In an exemplary embodiment, as shoWn in FIG. 4, 
the ablation segment 28 includes one or more ori?ces 36, 
Where the ori?ces 36 de?ne the thermally-transmissive 
region 30. The ori?ces 36 enable the application of cryo 
genic ?uid directly onto the tissue to be treated. 

[0047] Additionally, the second elongated jaW 22 can 
include an ablation tool 42 positioned on the inner surface of 
the second elongated jaW 22. The ablation tool 42 includes 
an ablation segment 44 having a thermally-transmissive 
region 46, and de?nes a ?uid path having at least one ?uid 
inlet 48 and a ?uid outlet 56 through the ablation tool 42 and 
the ablation segment 46, Wherein the ?uid inlet 48 is in ?uid 
communication With a cryogenic ?uid source. 

[0048] In an exemplary embodiment, as shoWn in FIG. 5, 
the handles 12 and 14 are at an acute angle to the ?rst 
elongated jaW 20 and the second elongated jaW 22. Further 
more, as shoWn in FIG. 6, the ?rst elongated jaW 20 and the 
second elongated jaW 22 include a curved portion. 

[0049] Each of FIGS. 1, 5, and 6 illustrate the various inlet 
(“in”) and outlet (“out”) ports for supplying and evacuating 
?uid to and from the jaWs 20 and 22. 

[0050] Additionally, the ?rst elongated jaW 20 and the 
second elongated jaW 22 are malleable, each have a shape 
holding deformability, that is, they have rigidity such that 
the ?rst elongated jaW 20 and the second elongated jaW 22 
each retain a ?rst shape until manipulated to a further shape 
With the application of moderate pressure, and until 
reshaped. The ?rst elongated jaW 20 and the second elon 
gated jaW 22 retain their shape With sufficient rigidity to 
manipulate the ablation segment 28 against tissue, and push 
it past intervening tissue to a desired position. 

[0051] It is understood that shape, as used herein, is to be 
construed broadly to include any contour Which is needed to 
con?gure the ?rst elongated jaW 20 and the second elon 
gated jaW 22 for positioning the active or distal portion of 
the ablation tool 24, and may include successive bends or 
segments having more than one curve, angle, deformation or 
other non-linear con?guration. The shape-retaining feature 
of the ?rst elongated jaW 20 and the second elongated jaW 
22 alloWs an operator to bend the ?rst elongated jaW 20 and 
the second elongated jaW 22 to a shape or contour, for 
example around an organ or tissue structure, and have an 
optimal con?guration for positioning and or orienting the 
active or distal region of the ?rst elongated jaW 20 and the 
second elongated jaW 22 based upon the particular anatomy 
of a patient and the location of the treatment site. 

[0052] Further, the stiffness of ?rst elongated jaW 20 and 
the second elongated jaW 22 is such that the surgeon can 
form the ?rst elongated jaW 20 and the second elongated jaW 
22 by hand to a desired shape Without undue effort, and yet 
the ?rst elongated jaW 20 and the second elongated jaW 22 
retain the set shape as the surgical clamp 10 is maneuvered 
to and held in position at the treatment site. The ?rst 
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elongated jaW 20 and the second elongated jaW 22 should 
also be suf?ciently rigid such that the surgeon can place the 
ablation segment 28 of the ablation tool 24 in pressured 
contact With the tissue treatment site. That is, the ?rst 
elongated jaW 20 and the second elongated jaW 22 are 
sufficiently stiff to enable the surgeon to press the ablation 
segment 28 against the tissue to be treated Without inducing 
a further deformation in the shape of the ?rst elongated jaW 
20 and the second elongated jaW 22. The ?rst elongated jaW 
20 and the second elongated jaW 22 may in some embodi 
ments de?ect slightly, and yet have suf?cient stiffness to 
transfer an effective level of lateral force at their distal end. 

[0053] In an exemplary embodiment, the ?rst elongated 
jaW 20 and the second elongated jaW 22 are con?gured so 
that they are deformable in a single plane, Where the ?rst 
elongated jaW 20 and the second elongated jaW 22 remain 
substantially rigid in all other planes. For example, the ?rst 
elongated jaW 20 and the second elongated jaW 22 can be 
manipulated in a ?rst plane from a ?rst shape to a second 
shape, Wherein the ?rst elongated jaW 20 and the second 
elongated jaW 22 are suf?ciently rigid to retain the second 
shape. The ?rst elongated jaW 20 and the second elongated 
jaW 22 also have suf?cient rigidity such that the ?rst 
elongated jaW 20 and the second elongated jaW 22 cannot be 
manipulated in a second plane orthogonal to the ?rst plane, 
such that the ?rst elongated jaW 20 and the second elongated 
jaW 22 are deformable only in the ?rst plane. As such, the 
?rst elongated jaW 20 and the second elongated jaW 22 are 
deformable in only one plane. 

[0054] In accordance With yet another aspect of the inven 
tion, as shoWn in FIG. 7, particularly directed to the ablative 
properties of ablation segments 28, 44, the energy distribu 
tion during treatment of tissue is further controlled by an 
adjustable insulation sleeve 52, Wherein one each eXtends 
over and partially envelops the ablation segments 28, 44. A 
slotted segment in the insulation sleeve 52 forms a partial 
circumferential blanket or insulating sleeve Which prevents 
the ablation segments 28,44 from affecting tissue on one side 
of the ablation segments 28, 44, While leaving the other side 
of the ablation segments 28, 44 eXposed for contact With 
tissue. 

[0055] In a further exemplary embodiment, as shoWn in 
FIG. 8, the surgical clamp 10 includes a shaft assembly 
having a ?rst shaft 56 and a second shaft 58 interposed 
betWeen the handles 12 and 14 and the ?rst elongated jaW 20 
and the second elongated jaW 22. The ?rst shaft 56 and a 
second shaft 58 operably connect the ?rst elongated jaW 20 
and the second elongated jaW 22 to the handles 12 and 14 
such that the ?rst elongated jaW 20 and the second elongated 
jaW 22 are movable relative to one another from a ?rst 
position, Wherein the ?rst elongated jaW 22 and the second 
elongated jaW 20 are disposed in a spaced apart relation 
relative to one another, to a second position, Wherein the ?rst 
elongated jaW 20 and the second elongated jaW 22 cooperate 
to grasp tissue therebetWeen. 

[0056] Referring to FIG. 9, the ?rst shaft 56 is substan 
tially holloW, de?ning a ?rst lumen 60 having at least one 
input lumen 62 positioned therein, Wherein the ?rst lumen 
60 and the at least one lumen 62 de?ne a ?uid path to the 
ablation tool 24 on the ?rst elongated jaW 20. The ?rst lumen 
60 and the at least one lumen 62 are in ?uid communication 
With the ablation ?uid outlet 34 and the ablation ?uid inlet 
32. 
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[0057] Additionally, similar to the ?rst shaft 56, the sec 
ond shaft 58 can be substantially holloW, de?ning a ?rst 
lumen having at least one input lumen positioned therein, 
Wherein the ?rst lumen 60 and the at least one lumen 62 
de?ne a ?uid path to the ablation tool 42 on the second 
elongated jaW 22. The ?rst lumen and the at least one lumen 
62 are in ?uid communication With the ablation ?uid outlet 
56 and the ablation ?uid inlet 48. 

[0058] The ?rst shaft 56 and the second shaft 58 are 
malleable, each have a shape-holding deformability, that is, 
they have a rigidity such that the ?rst shaft 56 and the second 
shaft 58 each retain a ?rst shape until manipulated to a 
further shape With the application of moderate pressure, and 
until reshaped. The ?rst shaft 56 and the second shaft 58 
retain their shape With suf?cient rigidity to close the ?rst 
elongated jaW 20 and the second elongated jaW 22 to grasp 
the tissue, and push it past intervening tissue to a desired 
position. 

[0059] It is understood that shape, as used herein, is to be 
construed broadly to include any contour Which is needed to 
con?gure the surgical clamp 10 for positioning the active or 
distal portion of the ablation tool 24, and may include 
successive bends or segments having more than one curve, 
angle, deformation or other non-linear con?guration. The 
shape-retaining feature of the ?rst shaft 56 and the second 
shaft 58 alloWs an operator to bend the ?rst shaft 56 and the 
second shaft 58 to a shape or contour, for eXample around an 
organ or tissue structure, and have an optimal con?guration 
for positioning and or orienting the active or distal region of 
the surgical clamp 10 based upon the particular anatomy of 
a patient and the location of the treatment site. 

[0060] Further, the stiffness of the ?rst shaft 56 and the 
second shaft 58 is such that the surgeon can form the ?rst 
shaft 56 and the second shaft 58 by hand to a desired shape 
Without undue effort, and yet the ?rst shaft 56 and the second 
shaft 58 retain the set shape as the surgical clamp 10 is 
maneuvered to and held in position at the treatment site. The 
?rst shaft 56 and the second shaft 58 should also be 
suf?ciently rigid such that the surgeon can place the ablation 
segment 28 of the ablation tool 24 in pressured contact With 
the tissue treatment site. That is, the ?rst shaft 56 and the 
second shaft 58 are suf?ciently stiff to enable the surgeon to 
press the ablation segment 28 against the tissue to be treated 
Without inducing a further deformation in the shape of the 
?rst shaft 56 and the second shaft 58. The ?rst shaft 56 and 
the second shaft 58 may in some embodiments de?ect 
slightly, and yet have sufficient stiffness to transfer an 
effective level of lateral force at their distal end. 

[0061] In an embodiment, the ?rst shaft 56 and the second 
shaft 58 are con?gured so that they are deformable in a 
single plane, Where the ?rst shaft 56 and the second shaft 58 
remain substantially rigid in all other planes. For eXample, 
the ?rst shaft 56 and the second shaft 58 can be manipulated 
in a ?rst plane from a ?rst shape to a second shape, Wherein 
the ?rst shaft 48 and the second shaft 56 are suf?ciently rigid 
to retain the second shape. The ?rst shaft 56 and the second 
shaft 58 also have suf?cient rigidity such that the ?rst shaft 
56 and the second shaft 58 cannot be manipulated in a 
second plane orthogonal to the ?rst plane, such that the ?rst 
shaft 56 and the second shaft 58 are deformable only in the 
?rst plane. As such the ?rst shaft 56 and the second shaft 58 
are deformable in only one plane. 
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[0062] In another embodiment the cryoablating element 
Which is in ?uid communication With the control system is 
removable from the movable clamp jaWs. The shaft con 
necting the ablating element is ?exible and has a de?ection 
system actuated from the handle. In alloWing the ablating 
element to be removable, the device can be used in tWo 
modes: clamp and Wand type modes giving the user greater 
?exibility in carrying out the procedure. 

[0063] In an exemplary embodiment, as shoWn in FIG. 
10, the present invention includes an ablation control system 
64. The ablation control system 64 includes a supply of 
cryogenic or cooling ?uid 66 in communication With the 
surgical clamp 10. A ?uid controller 68 is interposed or is 
in-line betWeen the cryogenic ?uid supply 66 and the 
surgical clamp 10 for regulating the ?oW of cryogenic ?uid 
66 into the surgical clamp 10 in response to a controller 
command. Controller commands can include programmed 
instructions, sensor signals, and manual user input. For 
example, the ?uid controller 68 can be programmed or 
con?gured to increase and decrease the pressure of the ?uid 
by predetermined pressure increments over predetermined 
time intervals. 

[0064] In another exemplary embodiment, the ?uid con 
troller 68 can be responsive to input from a user input device 
to permit ?oW of the cryogenic ?uid 66 into the surgical 
clamp 10. As also shoWn in FIG. 1, one or more temperature 
sensors 40 in electrical communication With the ?uid con 
troller 68 can be provided to regulate or terminate the ?oW 
of cryogenic ?uid 66 into the surgical clamp 10 When a 
predetermined temperature at a selected point or points on or 
Within the ablation segment 28 is/are obtained. For example 
a temperature sensor 40 can be placed at a point proximate 
the ablation tool 24 distal end and other temperature sensors 
40 can be placed at spaced intervals betWeen the ablation 
tool 24 distal end and another point that is betWeen the distal 
end and the proximal end. 

[0065] In another exemplary embodiment, one or more 
sensors, such as a ECG leads, in electrical communication 
With the controller can be provided to regulate or terminate 
the ?oW of cryogenic ?uid 66 into the ablation tool 24 
depending on the electrical activity in the tissue being 
treated. For example, the ?rst elongated jaW 20 and second 
elongated jaW 22 may provide feedback that permits a user 
to gauge the completeness of the ablation. Speci?cally, a 
lesion blocks electrical signals because it is non-conductive 
scar tissue. The ?rst elongated jaW 20 and second elongated 
jaW 22 can be used to measure the ability of the lesion to 
block an electrical signal. Referring to FIG. 1, an electrode 
70 is af?xed one each to the distal ends of the ?rst elongated 
jaW 20 and second elongated jaW 22. In an exemplary use, 
the electrodes 70 are used to verify electrical isolation of the 
lesion created by the ablation tool 24. For example, the ?rst 
elongated jaW 20 and the second elongated jaW 22 are 
opened to position an electrode 70 on each side of the lesion. 
An electrical signal is transmitted from one electrode, 
through the lesion, to the opposite electrode. The lesion is 
considered electrically isolated if the receiving electrode is 
electrically silent to the signal. 

[0066] Alternatively, the electrical sensors can be replaced 
or supplemented With pressure sensors. The pressure sensors 
can be used to determine When the ablation segment is in 
physical contact With the tissue to be treated. 
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[0067] The cryogenic ?uid can be in a liquid or a gas state, 
or combination thereof. An extremely loW temperature can 
be achieved Within the medical device, and more particularly 
at the ablation segment by cooling the ?uid to a predeter 
mined temperature prior to its introduction into the medical 
device, by alloWing a liquid state cryogenic ?uid to boil or 
vaporiZe, or by alloWing a gas state cryogenic ?uid to 
expand. Exemplary liquids include chlorodi?uoromethane, 
polydimethylsiloxane, ethyl alcohol, HFC’s such as AZ-20 
(a 50-50 mixture of di?uoromethane & penta?uoroethane 
sold by Allied Signal), and CFC’s such as DuPont’s Freon. 
Exemplary gasses include argon, nitrous oxide, and carbon 
dioxide. 

[0068] Referring noW to FIG. 11, there is shoWn a plan 
vieW of an exemplary embodiment of a medical device 
constructed in accordance With the principles of the present 
invention and designated generally as surgical clamp 100. 
The surgical clamp 100 includes a shaft assembly having 
opposing jaW assemblies 102, 104 With jaW assembly 102 
being ?xed and jaW assembly 104 being movable betWeen a 
?rst position, Wherein the jaW assemblies 102 and 104 are 
disposed in a spaced apart relation relative to one another, to 
a second position, Wherein the jaW assemblies 102 and 104 
cooperate to grasp tissue therebetWeen. 

[0069] The ?xed jaW assembly 102 includes a ?xed exten 
sion shaft 106 and an ablation tool 108 disposed on the distal 
end of the ?xed extension shaft 106, at an acute angle to the 
?xed extension shaft 106. As shoWn in FIG. 12, the ?xed 
extension shaft 106 de?nes a ?rst lumen 110 having at least 
one input lumen 112 positioned therein, Wherein the ?rst 
lumen 110 and the at least one input lumen 112 de?ne a ?uid 
path to the ablation tool 108, Wherein the at least one input 
lumen 112 is in ?uid communication With a cryogenic ?uid 
source. The ablation tool 108 includes an ablation segment 
114 With a thermally-transmissive region 116, de?nes a ?uid 
path through the ablation tool 108 to the ablation segment 
112, Wherein the ?uid path is in ?uid communication With 
the ?rst lumen 110 and the at least one input lumen 112. 

[0070] The moveable jaW assembly 104 includes a mov 
able extension shaft 118 and a moveable jaW 120 disposed 
on the distal end of the moveable extension shaft 118 at an 
acute angle to the moveable extension shaft 118. The move 
able extension shaft 118 is operably connected to the ?xed 
extension shaft 106, such that the moveable extension shaft 
118 slides along the ?xed extension shaft 106 to move the 
moveable jaW 120 betWeen a ?rst position, Wherein the 
moveable jaW 120 and the ablation tool 108 are disposed in 
a spaced apart relation relative to one another, to a second 
position, Wherein the moveable jaW 120 and the ablation tool 
108 cooperate to grasp tissue therebetWeen. 

[0071] In an exemplary embodiment, the ablation tool 108 
and the moveable jaW 120 are malleable, each having a 
shape-holding deformability, that is, they have rigidity such 
that the ablation tool 108 and the moveable jaW 120 each 
retain a ?rst shape until manipulated to a further shape With 
the application of moderate pressure, and until reshaped. 
The ablation tool 108 and the moveable jaW 120 retain their 
shape With sufficient rigidity to manipulate the ablation 
segment 114 against the tissue, and push it past intervening 
tissue to a desired position. 

[0072] It is understood that shape, as used herein, is to be 
construed broadly to include any contour Which is needed to 














